We continue our systematic statistical study on optical afterglow data of gamma-ray bursts (GRBs). We present the apparent magnitude distributions of early optical afterglows at different epochs (t = 10 2 s, t = 10 3 s, and 1 hour) for the optical lightcurves of a sample of 93 GRBs (the global sample), and for subsamples with an afterglow onset bump or a shallow decay segment. For the onset sample and shallow decay sample we also present the brightness distribution at the peak time t p and break time t b , respectively. All the distributions can be fit with Gaussian functions. We further perform Monte Carlo simulations to infer the luminosity function of GRB optical emission at the rest-frame time 10 3 seconds, t p , and t b , respectively. Our results show that a single power-law luminosity function is adequate to model the data, with indices −1.40 ± 0.10, −1.06±0.16, and −1.54±0.22, respectively. Based on the derived rest-frame 10 3 s luminosity function, we generate the intrinsic distribution of the R-band apparent magnitude M R at the observed time 10 3 seconds post trigger, which peaks at M R = 22.5 mag. The fraction of GRBs whose R-band magnitude is fainter than 22 mag, and 25 mag and at the observer time 10 3 seconds are ∼ 63% and ∼ 25%, respectively. The detection probabilities of the optical afterglows with groundbased robotic telescopes and UVOT onboard Swift are roughly consistent with that inferred from this intrinsic M R distribution, indicating that the variations of the dark GRB fraction among the samples with different telescopes may be due to the observational selection effect, although the existence of an intrinsically dark GRB population cannot be ruled out.
Introduction
Optical afterglows have been detected from ∼ 250 gamma-ray bursts (GRBs) since the first optical counterpart was identified in February 28, 1997 28, (van Paradijs et al. 1997 . The observed magnitudes span from 5.5 to 28 mag, in a time-window from tens to 10 7 seconds past the GRB trigger, with telescopes whose apertures range from tens of centermeters to 10 meters. Statistical studies of optical afterglow lightcurves have been carried out by some authors and some general features of the lightcurves have been reported. For example, optical lightcurves have been compiled in the rest frame of GRBs, and two universal tracks have been claimed (Liang & Zhang 2006; Nardini et al. 2006; Kann et al. 2006 . c.f., Melandri et al. 2008 , Zaninoni et al 2013 . Panaitescu & Vestrand (2008 showed some general features of the early bumps and plateaus in the optical lightcurves. Akelof & Swan (2007) estimated the apparent optical brightness distribution function and suggested that the apparent optical magnitude distribution peaks at R ∼ 19.5. Kann et al. (2010 Kann et al. ( , 2011 compared the optical lightcurves of two types of GRBs. We carry out a systematical analysis of the optical data of GRBs and present our results in a series of papers. In the first two papers of this series (Li et al. 2012, paper I; Liang et al. 2012 , paper II), we presented general features of a "synthetic" optical lightcurve based on our decomposition analysis of lightcurves, and focused on the statistical properties and the physical implications of the optical flares, the shallow decay segment, the afterglow onset bump, and the late rebrightening component. We showed that the optical flares and the shallow decay segment may signal late central engine activity (Paper I), and that the onset bumps and late rebrightening bumps may probe the properties of the fireball and its surrounding medium density (Paper II; see also Rykoff et al.2009; Oates et al. 2009; Liang et al. 2010; Lü et al. 2012; Ghirlanda et al. 2012; Yi et al. 2012 ).
The luminosity function of GRB afterglows is poorly known since no complete sample in a given threshold is available. Observationally, the detection of an optical counterpart of a GRB depends on the instrument, exposure time, observation epoch, etc. For example, the UV-optical telescope (UVOT) on board Swift promptly slews to the GRB trigger positions, and ∼ 27% of GRBs were detected at the 3σ level (in an individual exposure; Roming et al. 2009 ), but ∼ 60% of all GRBs have been detected by ground-based telescopes in the spectral bands redder than UVOT (e.g., Akelof & Swan 2007 using GCN data) . The optical afterglows may also suffer significant dust extinction by the host galaxies of GRBs, since long GRBs are believed to be born in dusty, opaque star-forming regions (Reichart & Price 2002; Klose et al. 2003; Vergani et al. 2004; Levan et al. 2006 ). They are not visible at all in the optical band due to the Lyman-α absorption of neutral hydrogen, if a GRB originates at a high redshift (Jakobsson et al. 2004; . In addition, the observed optical emission may be the superposition of multiple components with distinct physical origins, whose strengths and decay slopes may vary from burst to burst (e.g., . These effects cause complications in revealing the luminosity function of optical afterglows. This paper continues our systematic statistical study on optical afterglow data. We study a sample of 93 GRBs with optical detections before t < 1 hour (the global sample), and two sub-samples whose lightcurves show an onset bump or a shallow decay segment, respectively (see e.g. Paper I and II). For these three samples, we present the apparent Rband magnitude distributions of early optical afterglows at several different epochs (t = 10 2 s, t = 10 3 s and 1 h) after the triggers. We then use Monte Carlo simulations to investigate the intrinsic luminosity function of the GRB optical afterglows at the rest-frame t = 10 3 s, at the peak time t p for the sample that show an onset bump in the lightcurves, and at the break time t p for the sample that show a shallow decay segment. The early optical lightcurves are rich in features that may be attributed to different physical origins. A significant fraction of the lightcurves are dominated by a clear onset bump that signals the deceleration of the fireball, which is most sensitively defined by the fireball initial Lorentz factor (Paper II). Some others show a shallow decay segment, which is related continuous energy injection into the blastwave (Paper I). The end time of this phase t b is related to a critical time of late energy injection from the GRB central engine or related to a critical time when pile-up of flare materials onto the blastwave is over. We therefore also study the luminosity functions at t p and t b , which may hold the key in studying the fireball parameters and the late central engine activities. We describe our samples in §2. The observed R-band magnitude distributions at various epochs are presented in §3. A Monte Carlo simulation analysis is presented in §4 to infer the optical luminosity function at rest-frame t = 10 3 s, t p and t b . Conclusions and discussion are presented in §5.
Sample and Data
We have complied a large sample of GRB optical data from published papers or from GCN Circulars when no published paper is available. Well-sampled lightcurves are available for 146 GRBs, as shown in Figure 1 . Galactic extinction correction is made to the data by using a reddening map presented by Schlegel et al. (1998) . Most data are in the Rband. Those data that were obtained in other wavelengths are corrected to the R band with the optical spectral indices (β O ) collected from the literature 1 . These lightcurves were decomposed into multiple empirical components with smooth broken power-law functions. The details of the fitting results are reported in Papers I and II. From 146 GRBs, we focus on early optical afterglows and select 93 GRBs that have optical detections at t < 1 hour. This is our global sample. We calculate the brightness at t = 10 2 , 10 3 seconds and 1 hour for this sample using empirical fits to the lightcurves. The redshift, temporal coverage of the lightcurve data, and the derived brightness in these epochs are reported in Table 1 . A sub-sample of 39 GRBs have a smooth afterglow onset bump in the lightcurve, and a subsample of 26 GRBs have a shallow decay segment in the lightcurves . We also derive the brightness at t = 10 2 , 10 3 seconds and 1 hour for these two sub-samples based on our empirical fits available in Papers 1 and II. The brightness at the peak time (t p ) of the afterglow onset bumps and the end time (t b ) of the shallow decay segments are also calculated with the results of the empirical fits. They are reported in Tables 2 and 3 .
Note that the current deepest survey for early optical afterglows is made with the GROND telescope . It has a limit of M R ∼ 25 mag. As shown in Figure 1 , we do not find GRBs that have detections dimmer than 22 mag at t < 10 2 seconds in our sample. We check the observations with the GROND telescope for t < 10 3 seconds and found that some GRBs have been detected with R > 22 mag for a few cases (such as GRB 081029, R=22.8 at 240 s, GCN 7231; GRB 081029, R ∼ 24.3 at 660s, GCN 8731). Our sample includes only the GRBs that have well-sampled lightcurves. Therefore, the non-detection with M R > 22 mag at 10 3 seconds in our sample is due to the sample selection effect. This selection effect, however, does not impact on our analysis results since we perform simulations with a limit of M R = 19 mag (see §4.2).
Apparent Magnitude Distributions
Among the 93 GRBs in our sample, 89 GRBs have optical detections earlier than 10 3 s, and 36 GRBs have optical detections earlier than t = 10 2 seconds. We obtain the luminosity at t=10
2 seconds for the 36 GRBs from our empirical fits. We also derive the luminosity at t=10 2 for the other GRBs that have optical detection earlier than 10 3 seconds (most of them have detection very closed to 10 2 seconds, see Figure 1 ) by extrapolating our empirical fits to t=10 2 seconds. The lightcurves of 7 GRBs are poorly sampled or rapidly increase between 10 2 and 10 3 seconds. We do not derive the luminosity at t=10 2 from these lightcurves. We therefore finally obtain a sample of 82 GRBs that have optical luminosity at t=10
2 seconds. Figure 2 shows the distributions of the apparent magnitudes at t = 10 2 , 10 3 seconds and 1 hour post the GRB triggers for the global lightcurves. The distributions at t = 10 2 and 10 3 seconds are well fit with a Gaussian function, and the derived central values with 1 σ -5 -deviations are M R,c = 16.1 ± 1.8 mag and 17.3 ± 1.8 mag (1σ), respectively. The magnitudes at t = 1 hour of the 93 GRBs are narrowly distributed in the range M R = 14 − 22 mag, with a Gaussian fit of M R,c = 18.4 ± 1.6 mag. The fact that these distributions can be fitted with Gaussian without a sharp cut-off at the low flux end may be due to the fact that the current sample was obtained from observations of telescopes with different flux limits.
A smooth onset hump is observed in 39 GRBs in our sample. We show the brightness distributions for this component at t = 10 2 , 10 3 seconds, 1 hour and at t = t p . In general, they are roughly consistent with that for the global lightcurves as shown in Figure 2 . The brightness distribution at t = t p is well fit with a broad Gaussian function, i.e., M R,c = 15.6 ± 2.2 mag, with 95% having M R < 19. This may be due to the observational selection effect since the onset bump is usually detected using small aperture telescopes in a moderate limit of M R ∼ 19 mag.
The standard fireball model suggests that the decay slope of the afterglows should be steeper than 0.75 if no additional energy is continuously injected into the blastwave. defined a shallow decay segment with the criterion that the decay slope is initially shallower than 0.75, which transits to a steeper decay after a break time t b . Such a segment is observed in 26 GRBs in our GRB sample. We also show the brightness distributions for this component at t = 10 2 , 10 3 seconds, 1 hour and at t = t b in Figure 2 . They are also roughly consistent with those for the global sample. This is reasonable since the early optical lightcurves are usually dominated by the onset bump or the shallow decay segment. The brightness at t b is M R,c = 18.3 mag.
CONSTRAINING THE INTRINSIC LUMINOSITY FUNCTIONS WITH MC SIMULATIONS
The luminosity of a GRB afterglow at a given time depends on the kinetic energy, micro-physical parameters and radiation efficiency of the fireball (e.g., Sari et al. 1998) . No universal values for these quantities are found among bursts, and the correlation between the luminonsites of the prompt gamma-rays and the optical afterglow is loose. One cannot simply infer the optical luminosity function from that of the prompt gamma-ray emission. Here we take optical afterglow as independent of their γ-ray luminosity function, and perform Monte Carlo simulations. Since the optical luminosity depends on the epoch, in the following we constrain the luminosity function at 10 3 s after the GRB trigger in the rest frame of GRBs. In order to study the deceleration physics and energy injection physics, we also constrain the luminosity functions at t p and t b , respectively. Since these times differ from burst to burst, there is no need to differentiate the rest-frame and the observer-frame.
Model
The number density of GRBs at redshift z ∼ z + dz is given by
where R GRB (z) is the co-moving GRB rate as a function of z, the factor (1+z) −1 accounts for the cosmological time dilation of the observed rate, and dV (z)/dz is the co-moving volume element. We assume R GRB traces the star formation rate and metallicity history, e.g. (Kistler et al. 2008; Li 2008; Qin et al. 2010; Virgili et al. 2011; Lu et al. 2012 )
where ρ 0 is the local GRB rate in units of Gpc −3 yr −1 , (1 + z) δ accounts for the possible GRB rate evolution effect in excess of the SFR rate, Θ(ǫ, z) is the fractional mass density belonging to the metallicity below ǫZ ⊙ at a given z (Z ⊙ is the solar metal abundance), and ǫ is determined by the metallicity threshold for the production of GRBs. The star-forming rate R SFR (z) is taken as (Langer & Norman 2006; Kistler et al. 2008) ,
The Θ(ǫ, z) is parameterized as ( 
whereα andβ are the lower and higher end indices of the galaxy mass -metallicity relation, andΓ(a, x) and Γ(x) are the incomplete and complete gamma function (Langer & Norman 2006; Kistler et al. 2008) , respectively. We take α γ = −1.16, β γ = −2, ǫ = 0.4, and δ = 0.4 (Qin et al. 2010) 2 .
Assuming the optical spectrum as F ν ∝ ν −β O , the observed flux by considering the k-correction effect would be
where D L (z) is the luminosity distance at z, ν 0 is the frequency in the burst frame. The observed R-band magnitude by considering dust extinction in the GRB host galaxy (A host V ) is
where F R,0 = 1.218 × 10 −5 erg cm −2 s −1 . Here we take the central frequency and the fullwidth-half-maximum of the R band as 7000Å and 2200Å, respectively. We assume that the optical afterglows are the synchrotron radiation in the spectral regime ν m < ν < ν c , and take β O = 0.75 for an electron power-law index p = 2.3.
Simulation procedure and results
We assume that the luminosity functions of GRB optical afterglow at rest-frame t = 10 3 s post trigger, at t p and t b can be all characterized as a single power-law or a smooth broken power-law
where Φ 0 is a normalization constant and L 0 is taken as 10 46 erg/s. We use the optical afterglow data to constrain the luminosity function parameters by Monte Carlo simulations in the luminosity range of [10 43 , 10 50 ] erg s −1 . The details of our simulation procedure are as follows.
(1) Generate a redshift and a luminosity for the optical afterglow from the probability distributions of the redshift and luminosity based on Eqs. 1 and 7 (or 8) with a set of free parameters, respectively. We take a redshift range of [0, 6.3] 4 and a luminosity range of [10 43 , 10 50 ] erg s −1 .
(2) Calculate the observed apparent magnitude of the simulated GRB with Eqs. (5) and (6). The A V value is generated from the A V distribution of current sample with A V available, which is shown in Table 4 and Figure 3 . The distribution of A V can be fitted with a log-normal function, i.e., log(A V ) = −0.63 ± 0.42(1σ).
(3) Compare the mock sample with the observations in the log M R −log(1+z) plane. To constrain the 10 3 s luminosity function, for the observational data we identify the relevant epoch in the observer frame to make sure that it corresponds to the rest-frame 10 3 s post trigger. The observed sample suffers observational biases. The optical data in the current sample are collected from observations with different telescopes. The optical telescopes do not have a clean flux limit as high energy instruments. The early optical data are usually observed with robotic telescopes with small apertures. The flux limit of these telescope is usually 19 mag. We therefore compare the mock sample with the observed sample by screening the samples with a threshold of M R = 19 mag. We evaluate the consistency of the z and M R distributions between the mock and observed samples with a KolmogorovSmirnov test (K-S test). Note that the magnitude of a simulated GRB is derived from the luminosity and redshift. To compare a simulated GRB sample with observations, the GRB sample is screened by the instrumental threshold. The magnitude of a GRB with larger luminosity at higher redshift may be the same as a GRB with smaller luminosity at lower redhisft. Therefore, the consistency of the magnitude distributions between the simulated and observed samples alone cannot ensure the consistency between the redshift distributions. Therefore, we define a global probability of the K-S test (P Generally, a value of P K−S >0.1 is acceptable to claim statistical consistency, whereas a value of P K−S < 10 −4 convincingly rejects the consistency hypothesis.
We repeat the above steps to search for the best consistency in a broad parameter space. In our simulations, a mock GRB is characterized with a set of {z, L, A V }. We generate a sample of 10 5 mock GRBs based on a luminosity function with a given power-law index α (or a set of {α 1 , α 2 } for a broken luminosity function). We then measure the consistency between the mock GRB sample and the observed sample with the K-S test. We make 10 5 trials for α (or {α 1 , α 2 } for a broken luminosity function) randomly in the range of [0,-2.5] and show P G K−S as a function of α to find the α value that gives the best consistency between the simulations and observations. We evaluate the luminosity function of the global lightcurves at t = 10 3 seconds. The selection of this specified epoch is due to that both ground-based and spaced-based telescopes with different apertures may make observations at this epoch. We also estimate the luminosity functions at the afterglow onset peak and at the break time of the shallow decay segments. We find that the constraints on the parameters of a broken power-law luminosity function with the current sample is loose, and a single powerlaw luminosity function is adequate to model the current sample. The P G K−S distributions for different α values is shown in Figure 4 . The Gaussian fits yield α = −1.40 ± 0.10, −1.06 ± 0.16, and −1.54 ± 0.22 for the luminosity functions at rest-frame t = 10 3 seconds of the global-sample lightcurves, at the peak time t p of the onset bumps, and at the break time t b of the shallow decay segments, respectively. The errors are in 1 σ confidence level. We also randomly generate a sub-sample that has the same size as the observed sample based on a luminosity function with α = −1.40±0.10. Figures 5-7 demonstrates the consistency between the simulated and observational samples in the 2-dimensional M R − log(1 + z) plane and in the 1 dimensional M R and log(1 + z) distributions. One can observe that the luminosity functions can produce the observational data. The slope of the luminosity functions for the global sample lightcurves and that of the shallow decay segment break time t b are consistent. This would be due to the fact that t b is usually at several hundreds to several thousands of seconds with a typical value of ∼ 10 3 seconds . The slope of the luminosity function at the onset bump t p is shallower than that derived at t b .
Based on the derived luminosity function, we generate the intrinsic distribution of M R at the observed 10 3 seconds for the global sample. We generate a sample of 10 5 GRBs in the luminosity range [10 43 ∼ 10 50 ] erg/s based on the rest-frame luminosity function with α = −1.40 ± 0.10. Fixing the model parameters of the GRB rate (Eq. 2), we calculate the M R values of the mock GRBs at the observed 10 3 s post-trigger. To do so, we extrapolated lightcurves from the rest-frame 10 3 s to the observer-frame 10 3 s by introducing a decay slope for each lightcurve, the distribution of which is derived from the observed decay-slope distribution. The resulting observer-frame 10 3 s M R distribution is shown in Figure 8 . The accumulated probability distribution of M R is also shown. The peak of the distribution is M R = 22.5 mag, which is dimmer by 3 mag than the peak of the apparent optical magnitude distribution (M R ∼ 19.5) reported by Akelof & Swan (2007) . This would be due to observational selection effect in the sample used by Akelof & Swan (2007) .
We examine the detection probability for GRB optical afterglow surveys using telescopes with different flux limits. Small aperture robotic telescopes for early optical afterglow observations, such as ROTSE (Akerlof et al. 2003) and KAIT (Filippenko et al. 2001) , usually have a limit of M R ∼ 18 − 19 mag. As shown in Figure 8 , with this limit the fraction of the optical afterglows that can be detectable is only ∼ 19%. We check the detection probability with ROTSE 5 and find that this faction is 27/89 for the ROTSE responses earlier than 10 3 seconds post the GRB triggers. The slight difference between our prediction and the ROTSE observations may be due to the fact that the ROTSE responses are usually much earlier than 10 3 s post the GRB triggers. The current largest robotic optical telescopes for GRB optical afterglow survey are the Liverpool and Faulkes Telescopes (North and South). They have a limit of ∼ 22 mag. The detection fraction with these telescopes is 24/63 in the first 10 minutes. This fractions are consistent with that derived from Figure 8 with a limit of M R = 22 mag, i.e., 37%. The UV-optical telescope (UVOT) on board Swift, which has a limit of ∼ 20 mag, promptly slewed to the GRB trigger positions and detects ∼ 27% of GRBs at the 3σ level (in an individual exposure)
6 . The fraction of UVOT detection is consistent with our result shown in Figure 8 . Note that, the detection probability with the Palomar 60 inch telescope, which is a robotic telescope with a response time of ∼ 180 seconds and a limiting magnitude of M R = 20.5 (Cenko et al. 2006) , is 22/29 from a sample made during (Cenko et al. 2009 ). The high detection efficiency may be due to the fact that P60 has a redder coverage than UVOT. The detection efficiency of GROND, a simultaneous 7-channel optical/near-infrared imager (Greiner et al. 2008 ) mounted at the 2.2m MPI/ESO telescope with a detection limit of M R ∼ 25.3 mag, is even higher, which is ∼ 91% and ∼ 88% within 0.5 hours and 0.5 ∼ 4 hours after the trigger, respectively . The fraction of GRBs with M R = 25.3 mag derived from Figure 8 is 77%, which is slightly lower than the detection probability with GROND. This would be also due to redder coverage of GROND.
CONCLUSIONS AND DISCUSSION
We have presented the brightness distributions of early optical afterglows at different epochs derived from the empirical fits to the observed lightcurves for a sample of 93 GRBs that have optical detection at t < 1 hour post the GRB triggers. The typical R-band flux at t = 10 2 s, 10 3 s, and 1 hour are 16.1, 17.1, and 18.4 mag, respectively, for the all sample. We also derive the distributions at these epochs for the sub-samples that show an afterglow onset bump feature and the shallow decay segment. They are generally consistent with that derived from the global sample. The brightness at the peak time of the bumps falls in the range of R = 9 ∼ 22 mag, with a typical value of M R = 15.6 mag. The typical brightness at the break time of the shallow decay segment is M R = 18.3 mag.
We further perform Monte Carlo simulations to study the luminosity functions of the optical afterglows for the global sample at the rest-frame 10 3 seconds, for the afterglow onset bumps at t p , and for the shallow decay segment at t b . We find that a single powerlaw luminosity function is adequate to describe the data, with the indices −1.40 ± 0.10, −1.06 ± 0.10, and −1.54 ± 0.22 for the three samples, respectively. Based on the derived luminosity function, we generate the intrinsic distribution of M R at 10 3 seconds and show that the distribution peaks at M R = 22.5 mag. The detection probabilities of the optical afterglows with ground-based robotic telescopes and UVOT onboard Swift are consistent with our results.
The nature of optically dark GRBs is still not fully uncovered. The proposed explanations for the dark GRBs are essentially classified into two classes: extrinsic and intrinsic effects. The extrinsic effects include extinction and/or absorption by the host galaxies, foreground extinction, Lyman-α absorption, etc. The intrinsic effects include intrinsic faintness or rapidly decay of the optical afterglow due to a low-density environment, and suppression of reverse shock optical emission in a Poynting-flux dominated jet, etc (Zhang 2007 and references therein). Some authors quantified the degree of optical darkness with the upper limit on the afterglow flux (Rol et al. 2005) or with the optical-to-X-ray spectral index (Jakobsson et al. 2004) . Note that the faction of GRBs with no optical detection is dramatically different among samples, ranging from 20% to 60% (Melandri et al. 2008 (Melandri et al. , 2012 Cenko et al. 2009; Zheng et al. 2009; Gehrels et al. 2008; Fynbo et al. 2009 and . The non-detection of an optical counterpart in these samples should be partially due to observation selection effects. For example, about ∼ 27% of Swift GRBs were detected with UVOT at the 3σ level (in an individual exposure; Roming et al. 2009 ), but ∼ 60% were detected by ground-based telescopes in redder bands than the UVOT bands. Although we cannot exclude the existence of an intrinsically optically dark GRB population, the intrinsic M R distribution derived from our luminosity functions at t = 10 3 seconds may, at least partially, account for the non-detection of an optical counterpart in some GRBs. As discussed in §2, the non-detection of optical afterglows dimmer than 22 mag at t = 10 3 seconds in our sample would be due to the observational selection effect. From Figure 1 , one can see that the fraction of GRBs with optical afterglows dimmer than 22 at this epoch is ∼ 63%. Even with a deep limit of M R = 25 mag, this fraction is still ∼ 25%. Therefore, the variation of the fractions of optically dark GRBs may be partially due to the sample selection effect.
The Visible Telescope (VT) on board the upcoming Space-based Variable Objects Monitor (SVOM), a new Chinese-French mission aiming at studying GRBs, has a limiting magnitude of 23 mag (5σ significance level) for a 300 s exposure time (Paul et al. 2011) . The fraction of GRBs that would be detectable with VT inferred from our result is 56% at t = 10 3 seconds. As shown in Figure 2 , the optical afterglows at t = 10 2 seconds are brighter than that at 10 3 seconds by about one magnitude. The rapid slewing capacity of VT may further increase this fraction at an earlier epoch. Such a sensitivity is a significant improvement over the UVOT for the GRB early optical afterglow study. This preprint was prepared with the AAS L A T E X macros v5.2. Table 3 . The temporal coverage of the lightcurves, redshifts, spectral indices, peak time, apparent magnitudes at selected epoches for 26 GRBs that have an early shallow decay segment in their optical lightcurves Fig. 8.-The observer-frame probability distributions of the apparent R band magnitude at t = 10 3 seconds (histogram) along with the Gaussian fit (smooth curve). The cumulative probability distribution is also shown with a dashed line. The peak of the probability distribution is M R,c = 22.5 mag. The dotted lines mark the probabilities of the optical afterglow detection at the instrument thresholds M R = 19 and M R = 23, which correspond to small robotic telescopes and the VT onboard the future mission SVOM.
